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CONTROL APPARATUS OF DC-DC
CONVERTER

CROSS-REFERENCE TO RELAT
APPLICATION

T
»

The prionity application Number JP 2008-182412 filed on

Jul. 14, 2008 upon which this patent application 1s based 1s
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a control apparatus of a
DC-DC converter.

2. Description of the Related Art

The following DC-DC converter has been known. That 1s,
the DC-DC converter has a reactor and a switching element,
repeats the accumulation and discharge of energy in the reac-
tor by the switching operation of the switching element, and
converts (steps up or steps down) a direct-current input volt-
age to acquire a direct-current output voltage.

Japanese Patent Laid-Open Publication No. 2004-112904

describes a voltage converting apparatus for converting a
direct-current voltage from a direct-current power supply into
an output voltage so that the output voltage may correspond to
an struction voltage. The voltage converting apparatus
detects a reactor current, compares the detected reactor cur-
rent with the ripple current of the reactor current, and changes
the carrier frequency for turning on and oif the switching
clement according to the comparison result.

SUMMARY OF THE INVENTION

There 1s anow demand for acquiring the current of a reactor
accurately m a DC-DC converter. For example, there 1s a
demand for acquiring the current of a reactor accurately 1n
order to accurately control the electric power to be supplied
from a DC-DC converter to a load.

Accordingly the present invention provides a control appa-
ratus of a DC-DC converter capable of acquiring the current
of the reactor of the DC-DC converter accurately.

According to one aspect of the present invention, there 1s
provided, a control apparatus of a DC-DC converter including,
a reactor and a switching element, the apparatus repeating an
accumulation and a discharge of energy of the reactor by a
switching operation of the switching element to convert a
direct-current input voltage for acquiring a direct-current out-
put voltage, the apparatus having: a current value acquiring
unit that acquires current values of the reactor 1n a current
rising section and a current descending section of a current
wavelorm of the reactor at a time interval of a half of a
switching period of the switching element; and a center value
estimating unit that estimates a center value of a current of the
reactor based on the current values acquired in the current
rising section and the current descending section.

According to another aspect of the present invention, the
control apparatus of a DC-DC converter may further include
a timing correcting unit that corrects timings of acquiring the
current values of the reactor 1n a delaying direction when a
value acquired by subtracting the current value acquired in
the current rising section from the current value acquired in
the current descending section 1s positive, and corrects the
timings of acquiring the current values of the reactor 1n an
advancing direction when the value acquired by the subtrac-
tion 1s negative.
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According to another aspect of the present invention, the
control apparatus of a DC-DC converter may further include:
a timing error estimating unit that estimates an error between
timings of acquiring the current values of the reactor and
timings of the center value of the current of the reactor based
on the current values acquired in the current rising section and
the current descending section; and a timing correcting unit
that corrects the timings of acquiring the current values of the
reactor based on the estimated error.

According to another aspect of the present invention, the
control apparatus of a DC-DC converter may repeatedly
execute processing of acquiring the current values, estimating
the error, and correcting the timings.

According to another aspect of the present invention, there
1s provided, a control apparatus of a DC-DC converter includ-
ing a reactor and a switching element, the apparatus repeating
an accumulation and a discharge of energy of the reactor by a
switching operation of the switching element to convert a
direct-current input voltage for acquiring a direct-current out-
put voltage, the apparatus having: a current value acquiring
unit that acquires current values of the reactor 1n a current
rising section and a current descending section of a current
wavelorm of the reactor at a time interval of a half of a
switching period of the switching element; and a timing cor-
recting unit that corrects timings of acquiring the current
values of the reactor in a delaying direction when a value
acquired by subtracting the current value acquired in the
current rising section from the current value acquired 1n the
current descending section 1s positive, and corrects the tim-
ings ol acquiring the current values of the reactor in an
advancing direction when the value acquired by the subtrac-
tion 1s negative.

According to another aspect of the present invention, there
1s provided, a control apparatus of a DC-DC converter includ-
ing a reactor and a switching element, the apparatus repeating
an accumulation and a discharge of energy of the reactor by a
switching operation of the switching element to convert a
direct-current input voltage for acquiring a direct-current out-
put voltage, the apparatus having: a current value acquiring
unit that acquires current values of the reactor 1n a current
rising section and a current descending section of a current
wavelorm of the reactor at a time interval of a half of a
switching period of the switching element; a timing error
estimating unit that estimates an error between timings of
acquiring the current values of the reactor and timings of a
center value of a current of the reactor based on the current
values acquired in the current rising section and the current
descending section; and a timing correcting unit that corrects
the timings ol acquiring the current values of the reactor
based on the estimated error.

According to another aspect of the present invention, the
control apparatus of a DC-DC converter may repeatedly
execute processing of acquiring the current values, estimating
the error, and correcting the timings.

According to the present invention, a control apparatus of
a DC-DC converter capable of acquiring the current of the
reactor of the DC-DC converter accurately can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing the schematic configuration of
an electric vehicle including a control apparatus of a DC-DC
converter according to an embodiment;

FIG. 2 1s a time chart for 1llustrating the operation of the
DC-DC converter and control apparatus;

FIG. 3 15 a block diagram showing the functional configu-
ration of a control apparatus according to a first embodiment;
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FI1G. 4 1s a diagram for 1llustrating a formula for estimating,
the center value of a reactor current:;
FIG. 5 1s a diagram showing examples of current values

IL,, and IL and the estimated values of center values
IL :

cernter?
FIG. 6 1s a diagram showing other examples of the current
values IL,,  and IL. and the estimated values of the center

values 1L ;

Cepier?

FI1G. 7 1s a flow chart showing an example of the operation
of the control apparatus according to the first embodiment;

FIG. 8 1s a block diagram showing the functional configu-
ration of a control apparatus according to a second embodi-
ment;

FI1G. 9 1s a diagram for 1llustrating the correction of timings
in the second embodiment;

FI1G. 10 1s a flow chart showing an example of the operation
ol the control apparatus according to the second embodiment;

FIG. 11 1s a block diagram showing the functional configu-
ration of a control apparatus according to a third embodiment;

FI1G. 12 1s atlow chart showing an example of the operation
of the control apparatus according to the third embodiment;

FI1G. 13 1s atlow chart showing an example of the operation
ol a control apparatus according to a fourth embodiment;

FI1G. 14 1s a flow chart showing an example of the operation
ol a control apparatus according to a fifth embodiment;

FIG. 15 1s a flow chart showing an example of the operation
ol a control apparatus according to a sixth embodiment;

FI1G. 16 1s a flow chart showing an example of the operation
ol a control apparatus according to a seventh embodiment;
and

FI1G. 17 1s a diagram showing the schematic configuration

of an electric vehicle including two systems of DC-DC con-
verters.

dowr?

dowrpz?

DESCRIPTION OF PREFERRED
EMBODIMENTS

In the following, the embodiments of the present invention
will be described with reference to the attached drawings.

FI1G. 1 1s a diagram showing the schematic configuration of

an electric vehicle 1 including a control apparatus of a DC-
DC converter according to the present embodiment. The elec-
tric vehicle 1 1s a vehicle driving a car by driving a drive motor
by means of the electric power of an electric storage device.
The electric vehicle 1 1s, for example, a hybrid vehicle (HV),
a so-called electric vehicle (EV), or a fuel cell electric vehicle
(FCEV).

Incidentally, although FI1G. 1 illustrates the case where the
control apparatus of a DC-DC converter according to the
present embodiment 1s applied to the electric vehicle, the
control apparatus of a DC-DC converter according to the
present embodiment may be applied to other than the electric
vehicle.

In FI1G. 1, the electric vehicle 1 includes an electric storage
device 10, a DC-DC converter 20, an inverter 30, a drive
motor 40, and a control apparatus 50.

The electric storage device 10 accumulates electric power
therein and outputs a direct-current voltage, and 1s a second-
ary battery, such as a nickel hydrogen battery or a lithtum 10n
battery, here. Incidentally, the electric storage device 10 may
be a large-capacity capacitor or the like.

The DC-DC converter 20 1s a device, including a reactor
and switching elements, for acquiring a direct-current output

voltage by converting a direct-current input voltage by repeat-
ing the accumulation and discharge of the energy 1n the reac-
tor by the switching operations of the switching elements. In
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the example shown 1n FIG. 1, the DC-DC converter 20 1s a
bidirectional DC-DC converter performing stepping up and
stepping down.

To put 1t concretely, 1n FIG. 1, the DC-DC converter 20
includes a reactor L1, switching elements (such as insulated
gate bipolar transistors (IGBTs)) Q1 and Q2, and diodes D1
and D2. The switching elements Q1 and Q2 are connected 1n
series between the power source line of the inverter 30 and the
carth line. The collector of the switching element Q1 of an
upper arm 1s connected to the power source line, and the
emitter of the switching element Q2 of a lower arm 1s con-
nected to the earth line. One end of the reactor L1 1s connected
to the mtermediate point of the switching elements Q1 and
(02, that 1s, the connection point of the emitter of the switch-
ing element Q1 and the collector of the switching element Q2.
The other end of the reactor L1 1s connected to the positive
clectrode of the electric storage device 10. Moreover, the
emitter of the switching element Q2 1s connected to the nega-
tive electrode of the electric storage device 10. Moreover, the
diodes D1 and D2 are arranged between the collectors and
emitters of the switching elements Q1 and Q2, respectively,
so as to make currents flow from the emitter sides to the
collector sides. A smoothing capacitor C1 1s connected
between the other end of the reactor L1 and the earth line, and
a smoothing capacitor C2 1s connected between the collector
of the switching element Q1 and the earth line.

The 1nverter 30 1s composed of the respective arms of U
phase, V phase, and W phase, which are arranged between the
power source line and the earth line in parallel with one
another. The U phase arm 1s composed of a serial connection
of switching elements Q3 and Q4, the V phase arm 1s com-
posed of a serial connection of switching elements Q3 and
6, and the W phase arm 1s composed of a serial connection
of switching elements (7 and Q8. The switching elements
Q3-8 are, for example, IGBTSs. Diodes D3-D8 are arranged
between the collectors and emitters of the switching elements
3-8, respectively, so as to make currents flow from the
emitter sides to the collector sides.

The drive motor 40 1s a three-phase permanent magnet
motor, and 1s configured so that one ends of three coils 1n U,
V, and W phases are commonly connected to one another at
their center point. The other ends of the U, V, and W phase
coils are connected to the intermediate points of the switching
clements Q3 and Q4, QS and Q6, and Q7 and (8, respec-
tively.

The control apparatus 50 controls the DC-DC converter 20
and the inverter 30 to control the driving and regenerating of
the drive motor 40. The control apparatus 30 1s realized by the
cooperation of hardware resources and software 1n one
embodiment, and 1s, for example, an electronic control unit
(ECU). To put 1t concretely, the functions of the control appa-
ratus 30 are realized by the readout of a control program
recorded on a recording medium 1nto the main memory of the
control apparatus 50, and the execution of the read-out pro-
gram by the central processing unit (CPU) of the control
apparatus 50. The control program can be provided in the
form of being recorded on a computer-readable recording
medium, or can be provided as a data signal by communica-
tion. Incidentally, the control apparatus 50 may be realized
only by hardware. Moreover, the control apparatus 30 may be
realized by physically a single item of equipment or a plural-
ity of 1items of equipment.

To put 1t concretely, the control apparatus 30 controls the
DC-DC converter 20 to step up the direct-current power of the
clectric storage device 10 with the DC-DC converter 20 and to
supply the stepped-up direct-current power to the inverter 30
side at the time of power running of the drive motor 40. To put
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it concretely, the control apparatus S0 performs the control of
turning on and off the switching elements Q1 and Q2 of the
DC-DC converter 20 alternately. When the switching element
Q2 1s turned on, a current flows through the reactor L1
through the switching element Q2, and the direct-current
power Irom the electric storage device 10 1s accumulated in
the reactor 1. Then, when the switching element Q2 1s
turned off, the direct-current power accumulated 1n the reac-
tor L1 1s output to the side of the inverter 30 through the diode
D1. Moreover, the control apparatus 50 controls the switch-
ing operations of the switching elements Q3-Q8 of the
inverter 30 to convert the direct-current power from the DC-
DC converter 20 into alternating-current power with the
iverter 30 and to supply the acquired alternating-current
power to the drive motor 40. Thereby, the drive motor 40 1s
driven to rotate.

Moreover, at the time of the regeneration of the drive motor
40, the control apparatus 50 controls the switching operations
of the switching elements Q3-8 of the inverter 30 to convert
the alternating-current power generated by the drive motor 40
into direct-current power with the inverter 30 and to supply
the acquired direct-current power to the DC-DC converter 20.
Moreover, the control apparatus 50 controls the DC-DC con-
verter 20 to step down the direct-current power from the
inverter 30 with the DC-DC converter 20 and to charge the
clectric storage device 10. To put it concretely, the control
apparatus 50 performs the control of turning on and off the
switching elements Q1 and Q2 of the DC-DC converter 20
alternately. When the switching element Q1 1s turned on, a
current flows through the reactor L1 through the switching
clement Q1, and the direct-current power from the inverter 30
1s accumulated in the reactor LL1. Then, when the switching
clement Q1 1s turned off, a current flows back through the
diode D2 due to the electromotive force of the reactor L1, and
thereby the direct-current power accumulated 1n the reactor
L1 1s supplied to the electric storage device 10. As a result, the
clectric storage device 10 1s charged.

For the switching operations of the switching elements Q1
and Q2 of the DC-DC converter 20 at the time of stepping up
and stepping down, a period (called dead tlme) durmg which
both the switching elements Q1 and Q2 are 1n their off states
1s provided just before the change of the switching element
Q1 to 1ts on state and just before the change of the switching
clement Q2 to 1ts on state 1n a concrete embodiment.

Furthermore, in the present embodiment, the control appa-
ratus 50 has the function of acquiring the current (hereinafter
referred to as reactor current) flowing through the reactor L1
with the object of controlling the electric power to be supplied
trom the DC-DC converter 20 to the load (drive motor 40) and
the other objects. In the following, this function will be
described in detail with reference to the attached drawings.

FIG. 2 1s a time chart for illustrating the operations of the
DC-DC converter 20 and control apparatus 50.

The control apparatus 50 generates a switching instruction
signal shown in FIG. 25 on the basis of a carrier signal 1n a
triangular wave and a duty instruction value shown 1n FIG.
2a, and supplies the generated switching instruction signal to
the DC-DC converter 20 through a transmaission circuit. To
put 1t concretely, the control apparatus 30 compares the car-
rier signal with the duty instruction value. When the carrier
signal 1s equal to or more than the duty instruction value, the
control apparatus 50 makes the switching instruction signal
its low level. When the carrier signal 1s less than the duty
instruction value, the control apparatus 50 makes the switch-
ing mstruction signal 1ts high level. Incidentally, the control
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6

apparatus 50 may receive the carrier signal and the duty
instruction value from the outside, or may generate them
internally.

As shown 1n FIG. 2¢, basically, the switching element Q1
in the upper arm of the DC-DC converter 20 1s 1n 1ts on state
when the switching instruction signal 1s at the high level, and
1s 1n 1ts oil state when the switching instruction signal 1s at the
low level. However, a transmission delay td1 arises 1in a period
from a change of the switching instruction signal from the
high level to the low level, to a change of the switching
clement Q1 from the on state to the off state. Moreover, the
transmission delay td1 arises and further a dead time td2 1s
provided 1n a period from a change of the switching nstruc-
tion signal from the low level to the high level, to a change of
the switching element Q1 from the oiff state to the on state.
The transmission delay tdl 1s caused by, for example, the
transmission circuit here. Moreover, the dead time 1s provided

by, for example, the transmission circuit and the control appa-
ratus 30.

As shown 1n FIG. 2d, basically, the switching element Q2
in the lower arm of the DC-DC converter 20 1s 1n its off state
when the switching instruction signal takes the high level, and
1s 1n 1ts on state when the switching instruction signal takes
the low level. However, the transmission delay td1 arises 1in a
period from a change of the switching instruction signal from
the low level to the high level, to a change of the switching
clement Q2 from the on state to the off state. Moreover, the
transmission delay td1 arises and further the dead time td2 1s
provided 1n a period from a change of the switching nstruc-
tion signal from the high level to the low level to a change of
the switching element Q2 from the off state to the on state.
The transmission delay tdl 1s caused by, for example, the
transmission circuit here. Moreover, the dead time 1s provided

by, for example, the transmission circuit and the control appa-
ratus 30.

FIGS. 2¢, 2f, and 2g show the wavelorm of the electric
potential V0 at the end of the reactor L1 on the side of the
inverter 30, the wavelorm of a reactor current when 1t 1s
assumed that no switching delays (transmission delays) and
no dead times exist, and the waveform of a real reactor cur-
rent, respectively, at the time of stepping up. Incidentally, the
direction of the reactor current directed from the electric
storage device 10 to the switching elements Q1 and Q2 (the
direction of an arrow A 1n FIG. 1) 1s assumed to be positive.

With reference to FIGS. 24 and 2g, the reactor current rises
when the switching element Q2 1n the lower arm 1s 1n the on
state. At this time, the gradient of the waveform of the reactor
current (that 1s, the amount of change of the reactor current
per unit time) 1s VL/L, where VL denotes the voltage of the
clectric storage device 10 and L denotes the inductance of the
reactor L1. On the other hand, when the switching element ()2
1s 1n the off state, the reactor current descends. At this time,
the gradient of the wavetorm of the reactor current 1s —(VH-
VL)L, where VH denotes the voltage of the smoothing
capacitor C2.

FIGS. 24, 2i, and 2j show the wavelorm of the electric
potential VO at the end of the reactor L1 on the side of the
inverter 30, the waveform of a reactor current when 1t 1s
assumed that no switching delays (transmission delays) and
no dead times exist, and the waveform of a real reactor cur-
rent, respectively, at the time of stepping down.

With reference to FIGS. 2¢ and 2j, the reactor current rises
when the switching element Q1 1n the upper arm 1s in the off
state. At this time, the gradient of the waveform of the reactor
current 1s VL/L. On the other hand, when the switching ele-
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ment Q1 1s 1n the on state, the reactor current descends. At this
time, the gradient of the waveform of the reactor current 1s
—-(VH-VL)/L.

In the case of trying to acquire a reactor current, it 1s
possible to consider providing a current sensor 21 for detect-
ing the reactor current as shown in FIG. 1, and to perform the
A/D conversion of an analog current signal acquired by the
current sensor 21 to acquire a digital reactor current value. In
a more concrete embodiment, 1t 1s possible to consider per-
forming the A/D conversion of a reactor current value at the
timing of a peak or a trough of the carrier signal.

As known from FIGS. 24, 2f, and 2i, 11 there are no switch-

ing delays and dead times, the timings of the peaks and
troughs of the carrier signal accord with the timings of the
center value of the reactor current (that 1s, the center timings
of the ripples of the reactor current). Consequently, by per-
forming sampling at the timings of the peaks or troughs of the
carrier signal, the center value of the reactor current can be
acquired.

However, as known from FIGS. 2a, 2g, and 2j, if there are
switching delays and dead times, then the timings of the peaks
and troughs of the carrier signal shift {from the timings of the
center value of the reactor current owing to the influences of
the switching delays and the dead times. Consequently, 1
sampling 1s performed at the timings of the peaks or troughs
of the carrier signal, 1t leads to acquisition of current values
that are shifted from the center value of the reactor current. I
these current values are used for the control of the reactor
current, then the case where the reactor current cannot be
accurately controlled 1s expected.

Incidentally, although 1t 1s also possible to consider adjust-
ing sampling timings (A/D timings) in advance so as to per-
form the sampling at the centers of the ripples of the reactor
current, it 1s difficult to perform the adjustment 1n advance
since there 1s dispersion of switching delays and the like.
Moreover, because the influences of the dead times vary
according to the reactor current values, timing errors do not
become a constant value.

In consideration of the situation described above, the con-
trol apparatus 50 1s configured as follows in the present
embodiment from the point of view of acquiring the reactor
current accurately. In the following, first to seventh embodi-
ments will be shown as the embodiments of the control appa-
ratus 30.

First Embodiment

FI1G. 3 1s a block diagram showing the functional configu-
ration of the control apparatus 50 of the first embodiment. In
FIG. 3, the control apparatus 50 includes a current value
acquiring unit 110 and a center value estimating unit 120.

The current value acquiring unit 110 acquires reactor cur-
rent values in current rising sections and current descending,
sections of the wavelorm of a reactor current at a time interval
of a halt of the switching period of the switching elements Q1
and Q2. To put 1t concretely, the current value acquiring unit
110 acquires the reactor current values by performing the A/
conversions of the analog current signals of the current sensor
21 1n both the current rising sections and current descending
sections of the wavetform of the reactor current at the time
interval of a half of the period of a carrier signal (carrier
period). In a concrete embodiment, the current value acquir-
ing unit 110 acquires the reactor current values 1n the current
rising sections at the timings of the peaks of the carrier signal
and acquires the reactor current values 1n the current descend-
ing sections at the timings of the troughs of the carrier signal.
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The center value estimating unit 120 estimates the center
value IL__ _ of the reactor current on the basis of reactor
current values IL,, acquired in the current rising sections and
reactor current values IL ,_  acquired in the current descend-
ing sections by the current value acquiring unit 110. To put 1t
concretely, the center value estimating unit 120 calculates the
centervalueIL.__, ., fromthecurrent valuesIL, jandIL ,,  1n
accordance with the {following arnthmetic formula (4)
obtained from the geometric relations among the current val-
ves IL,, IL 4,,,,» and IL__, .., 1n the wavetorm of the reactor

current. The arithmetic formula (4) 1s introduced as follows
here.

FIG. 4 1s a diagram for 1llustrating the formula for estimat-
ing the center value of a reactor current, and FI1G. 4 shows the
wavelorm of the reactor current. With reference to FI1G. 4, the
current values IL, , and IL ,,,,, have the relation ot the follow-
ing formula (1) with each other, where At denotes the error

(discrepancy) between the timing of acquiring a reactor cur-
rent value and the timing of the center value of the reactor
current. The same amounts of errors At occur 1n both of the
current rising sections and the current descending sections.

(1)
and IL, , have the

IL =1L, = At VL/L+Atx(VH-VL)/L

Moreover, the current values IL__
relation of the following formula (2).

IL (2)

By transforming the formula (2), the following formula (3)
can be acquired.

cenier

~IL,,=AxVL/L

AYVL=(IL ¢ pyror=IL,,) VL

(3)

By substituting the formula (3) for the formula (1), the
following formula (4) 1s acquired.

center

IL ppzer =1Lyt UL gopp=IL )X VL/VH

(4)

As described above, the first embodiment pays attention to
the fact that the same amounts of errors At occur 1n both of the
current rising sections and the current descending sections,
and estimates the center value IL._____ of a reactor current
independent of the errors At by negating the intfluences of the
errors At by means of the geometric relation because the

gradient of the waveform of the reactor current takes the form
as shown 1n FIG. 4.

In one embodiment, the control apparatus 30 repeatedly
acquires the pairs of the current values IL, , and IL ,,,,,. and
estimates the center value IL . 1rom each of the pairs to
acquire the time series data of the center value IL__ . . In a
more concrete embodiment, as shown in FIGS. 5 and 6, the
control apparatus 50 repeatedly acquires the current values
IL,, and IL,,,, alternately at a halt period of the carrier
period, and estimates the center value IL.__ __from adjoining
current values IL,, and IL ,,,,, to acquire the time series data
of the center value IL__ __ of the same period as the carrier
period, or the time series data of the center value IL of the
half period of the carnier period.

cenier

cerier

FIG. 7 1s a flow chart showing an example of the operation
of the control apparatus 50 of the first embodiment. In the
following, the example of the operation of the control appa-
ratus 50 of the first embodiment will be described with refer-
ence to FI1G. 7.

The control apparatus 50 acquires a current value IL, , in a
current rising section (S110).

Next, the control apparatus 50 acquires a current value
IL . 1nacurrent descending section at a time when a half of
the carrier period has elapsed from the acquisition of the
current value 1L, , (S120).
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Next, the control apparatus 50 calculates the center value
IL, . . of the reactor current in accordance with the arith-
metic formula (4) on the basis of the acquired current values
IL,, and IL 4, (S130).

The control apparatus 50 repeatedly executes the process-
ing of steps S110-S130 until a predetermined ending condi-
tion 1s satisfied, and ends the processing when the predeter-
mined ending condition 1s satisfied (5140).

According to the first embodiment described above, the
center value of a reactor current can be estimated, and the
center value of the reactor current can be acquired more
accurately in comparison with the case of sampling the reac-
tor current at the timings of the peaks and troughs of a carrier
signal. Moreover, the first embodiment does not need the
prior adjustment of sampling timings. Moreover, 1t 1s difficult
for the first embodiment to be influenced by the dispersion of
switching delays and dead times.

Second Embodiment

FIG. 8 1s a block diagram showing the functional configu-
ration of the control apparatus 50 of a second embodiment. In
FIG. 8, the control apparatus 50 includes a current value
acquiring unit 210 and a timing correcting unit 220.

The current value acquiring unit 210 acquires reactor cur-
rent values 1n current rising sections and current descending,
sections of the wavelorm of a reactor current at a time interval
of a half of the switching period of the switching elements Q1
and Q2. To put 1t concretely, the current value acquiring unit
210 acquires the reactor current values from the analog cur-
rent signals of the current sensor 21 1n both the current rising,
sections and current descending sections of the waveform of
the reactor current at the time 1nterval of a half of the period
ol a carrier signal (carrier period).

When a value (IL,,,,,~Il, ) acquired by subtracting the
current value IL,, acquired in a current rising section from the
current value IL , ~ acquired 1n the current descending sec-
tion with the current value acquiring unit 210 1s positive, then
the timing correcting unit 220 corrects the timing of acquiring,
a reactor current value 1n a delaying direction. When the value
(ILgo.,,—1L,,,) 1s negative, the timing correcting unit 220 cor-
rects the timing of acquiring the reactor current value 1n an
advancing direction. The correcting of the timing of acquiring
the reactor current value means to correct an acquiring timing,
(acquiring position) in the switching periods of the switching
clements Q1 and Q2 (to put i1t concretely, 1n the period of a
carrier signal) or in the period of a ripple of the reactor current
here. Incidentally, although the correction amounts of the
timings are not especially limited in the second embodiment,
the correction amounts are, for example, a predetermined
constant value (e.g., 5 us).

FIG. 9 15 a diagram {for illustrating the corrections of tim-
ings in the second embodiment, and shows a waveform of a
reactor current. With reference to FIG. 9, when the sampling
timings (A/D timings) are earlier than the timings of the
center value of the reactor current as sampling points A, and
A owm then (IL,,,,,~IL, )>0. On the other hand, when the
sampling timings are later than the timings of the center value
of the reactor current as sampling points B, , and B, ,,, then
(ILgon,—1L,,,)<0. Accordingly, the present embodiment
delays the sampling timings at the time of (IL ,,,,,,-1L, )>0,
or advances the sampling timings at the ttme of (IL , _—IL
<0,

In an embodiment, the control apparatus 50 acquires the
current values IL, , and IL ,,,,,,, and repeatedly performs the
processing of correcting the sampling timings according to
the magnitude relations of the current values IL, , and IL.
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That 1s, the control apparatus 50 acquires the reactor current
values, reducing the discrepancies of the sampling timings by
teedback control.

FIG. 10 1s a flow chart showing an example of the operation
of the control apparatus 50 of the second embodiment. In the

following, the example of the operation of the control appa-
ratus 50 of the second embodiment will be described with
reference to FIG. 10.

The control apparatus 50 acquires a current value IL,  in a
current rising section (S210). At a first time, the control appa-
ratus 50 acquires the current value IL,, at the timing of, for
example, a peak of a carrier signal.

Next, the control apparatus 50 acquires a current value
IL , . 1na current descending section at the time when a half
of the carrier period has elapsed from the acquisition of the
current value IL,  (S220). At the first time, the control appa-
ratus acquires the current value IL , at the timing of, for
example, a trough of the carrier signal.

Next, the control apparatus 50 corrects the timing of
acquiring the reactor current according to (IL4,,,~Il,,)
(5230). For example, when (IL ,, ,-11, )>0 at the first time,
the control apparatus 50 sets a time delayed from the timing of
the peak of the carrier signal by a predetermined correcting
time (e.g., 5 us) as a new timing of acquiring the current value
IL, . The corrected timing is to be used at the time ot acquir-
ing the current value IL, , at the step S210 at the next time.

The control apparatus 50 repeatedly executes the process-
ing of steps S210-S230 until a predetermined ending condi-
tion 1s satisfied, and ends the processing when the predeter-
mined ending condition 1s satisfied (S240).

According to the second embodiment described above, the
discrepancies between the timings of acquiring a reactor cur-
rent and the timings of the center value of the reactor current
can be reduced according to (IL,,,,,,~IL, ), and the errors
between the acquired values of the reactor current and the
center value thereof can be reduced. Thereby, the center value
of the reactor current can be acquired more accurately 1n
comparison with the case of sampling the reactor current at
the timings of the peaks and troughs of a carrier signal.
Moreover, although the embodiment using the values of the
voltages VH and VL as the first embodiment 1s subjected to
the influences of voltage sensors detecting the values of the
voltages VH and VL, respectively, the second embodiment
does not use the values of the voltages VH and VL, and
consequently can avoid the influences of the errors of the
voltage sensors.

Third Embodiment

FIG. 11 1s a block diagram showing the fTunctional configu-
ration of the control apparatus 50 of a third embodiment. In
FIG. 11, the control apparatus 50 includes a current value
acquiring umt 310, a timing error estimating unit 320, and a
timing correcting unit 330.

The current value acquiring unit 310 acquires reactor cur-
rent values 1n current rising sections and current descending
sections of the waveform of a reactor current at the time
interval of a half of the switching period of the switching
clements Q1 and Q2. To put 1t concretely, the current value
acquiring unit 310 acquires the reactor current values from
the analog current signals of the current sensor 21 1n both the
current rising sections and current descending sections of the
wavelorm ol the reactor current at the time interval of a half of
the period of a carrier signal (carrier period).

The timing error estimating unit 320 estimates the errors At
between the timings of acquiring the reactor current values
and the timings of the center value IL of the reactor

cepnter
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current on the basis of the current values 1L, , acquired in the
current rising sections and the current values IL. , ~ acquired
in the current descending sections by the current value acquir-
ing unit 310. To put 1t concretely, the timing error estimating
unit 320 calculates the errors At from the current values IL,,
and IL ,  1n accordance with the following arithmetic for-
mula (6) acquired from the geometric relations between the
current values IL,, and IL 4,,,,, in the wave form of the reactor
current. The arithmetic formula (6) can be introduced here as
follows.

With reference to F1G. 4, the current values IL, , and IL. ;,,,,,
have the relation of the following formula (5) with each other.

(3)

By transforming the formula (3), the following formula (6)
can be acquired.

IL —IL,  =AixVL/L+Aix(VH-VL)/L

g oV

At=(IL 3, —1L, IXL/VH (6)

The timing correcting unit 330 corrects the timings of
acquiring the reactor current values on the basis of the errors
At estimated by the timing error estimating unit 320. To put it
concretely, the timing correcting unit 330 shiits the timings of
acquiring the reactor current values by the errors At so that the
timings of acquiring the reactor current values may accord
with the timings of the center value of the reactor current. To
correct the timings of acquiring the reactor current values
means to correct the acquiring timings (acquiring positions)
in a switching period of the switching elements Q1 and Q2 (to
put 1t concretely, in the period of the carrier signal) or in ripple
periods of the reactor current here.

FI1G. 12 1s atlow chart showing an example of the operation
of the control apparatus 50 of the third embodiment. In the
tollowing, the example of the operation of the control appa-
ratus 50 of the third embodiment will be described with
reference to FIG. 12.

The control apparatus S0 acquires a current value IL,,  in a
current rising section (S310). For example, the Control appa-
ratus 50 acquires the current value IL,,, at the timing of a peak
of the carrier signal.

Next, the control apparatus 50 acquires a current value
IL ., 1nacurrent descending section at the time when a half
of the carrier period has elapsed from the acquisition of the
current value IL, (S320). For example, the control apparatus
50 acquires the current value IL at the timing of a trough
of the carrier signal.

Next, the control apparatus 50 calculates the error At of the
timings 1n accordance with the arithmetic formula (6) on the
basis of the acquired current values 1L, and IL ,,,,,, (S330).

Next, the control apparatus 30 corrects the timing of
acquiring the reactor current value on the basis of the calcu-
lated error At (S340). For example, the control apparatus 50
sets the timing delayed from the timing of the peak of the
carrier signal by the error At as a new timing of acquiring the
current value 1L, ,

Since then, the control apparatus 30 acquires the reactor
current values at the timings after correction (S350). For
example, the control apparatus 50 acquires the reactor current
values IL, , and IL. at the corrected timings of a half period

g oW

dOoW

down
of the carnier period. Incidentally, the control apparatus 50
may acquire only one of the current values IL, , and IL ,,,,, at

the step S350.

The control apparatus 50 repeatedly executes the process-
ing of the step S350 until a predetermined ending condition 1s
satisfied, and ends the processing when the predetermined
ending condition 1s satisfied (S360).

According to the third embodiment described above, by
estimating the errors between the timings of acquiring the
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reactor current and the timings of the center value of the
reactor current to correct the errors, the reactor current can be
acquired at accurate timings. Thereby, the center value of the
reactor current can be more accurately acquired 1n compari-
son with the case of sampling the reactor current at the tim-
ings ol the peaks and troughs of the carrier signal. Moreover,
in the case of correcting the timing errors without estimating
the timing errors, 1t can be considered that convergence may
take time, or that overshooting may arise at the time of
attempting to accelerate the convergence. On the contrary,
according to the third embodiment, it becomes possible to
adjust the timings of acquiring the reactor current to the
timings of the center value of the reactor current more rapidly
without any overshooting.

Fourth Embodiment

The control apparatus 50 of a fourth embodiment 1s almost
the same as that of the third embodiment. The descriptions of
the common portions of the control apparatus 50 of the fourth
embodiment to those of the third embodiment will be omitted
or simplified 1n the following description of the control appa-
ratus 30 of the fourth embodiment.

In the third embodiment described above, the estimate
values of the timing errors At include remaining estimation
errors 1n the case where the detection error of the value of the
voltage VH and the dispersion of the inductance L exist. The
fourth embodiment makes the estimation errors small.

In the fourth embodiment, the control apparatus 50 repeat-
edly executes the processing of acquiring the current values
IL,, and IL ,,,,,,, estimating the errors At, and correcting the
samphng timings.

FIG. 13 1s a flow chart showing an example of the operation
of the control apparatus 50 of the fourth embodiment. In the
following, the example of the operation of the control appa-
ratus 50 of the fourth embodiment will be described with
reference to FIG. 13.

The control apparatus 50 acquires a current value IL, , in a
current rising section (S410). At a first time, the control appa-
ratus 30 acquires the current value IL,, at the timing of, for
example, a peak of a carrier signal.

Next, the control apparatus 50 acquires a current value
IL. . 1n a current descending section at the time when a half
of the carrier period has elapsed from the acquisition of the
current value 1L, , (S420). At the first time, the control appa-
ratus 50 acquires the current value IL ,_  at the timing of, for
example, a trough of the carrier signal.

Next, the control apparatus 50 calculates the error At of the
timings 1n accordance with the arithmetic formula (6) on the
basis ot the acquired current values IL,, and IL ,,,,, (5430).

Next, the control apparatus 30 corrects the timings of

acquiring the reactor current values on the basis of the calcu-
lated error At (S440). At the first time, the control apparatus
50 sets, for example, the timing delayed from the timing of the
peak of the carrier signal by the error At as a new timing of
acquiring the current value IL . ‘The timing after the correc-
tion 1s to be used for the acquisition of the current value IL
at the step S410 1n the next processing.
The control apparatus 50 repeatedly executes the process-
ing ol the steps S410-S440 until a predetermined ending
condition 1s satisfied, and ends the processing when the pre-
determined ending condition 1s satistied (S4350).

According to the fourth embodiment described above, by
repeating the acquisition of the current values IL,, and
IL , . theestimation ofthe error At, and the correction of the
timings based on the error At, the error At can be gradually
reduced, and the center value of the reactor current can be
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more accurately acquired in comparison with the case of
sampling the reactor current at the timings of the peaks and
troughs of the carrier signal. Moreover, 1n the case of correct-
ing the timing errors without estimating the timing errors, 1t
can be considered that convergence may take time, or that
overshooting may arise at the time of attempting to accelerate
the convergence. On the contrary, according to the fourth
embodiment, 1t becomes possible to adjust the timings of
acquiring the reactor current to the timings of the center value
of the reactor current rapidly without any overshooting.

Fitth Embodiment

The control apparatus 30 of a fiith embodiment 1s a com-
bination of that of the first embodiment and that of the second
embodiment.

To put 1t concretely, in the fifth embodiment, the control
apparatus 50 includes a current value acquiring unit, a timing
correcting unit, and a center value estimating unit. Then, the
control apparatus S0 acquires the current values IL,, and
IL o, corrects sampling timings according to (IL, -
IL 4,.,), acquires the current values IL,, and IL,,,,, at the
sampling timings after the correction, and estimates the cen-
ter value IL__ . of areactor current on the basis of the current
values IL,  and IL ;.. In an embodiment, while the control
apparatus 30 repeatedly performing the processing of acquir-
ing the current values IL,, and IL,,,, and correcting the
sampling timings according to the magnmitude relations of the
acquired current values IL, , and IL the control apparatus
50 estimates the center value IL__ . on the basis of the
acquired current values IL,, and IL to acquire the time
series data of the center value IL.__, __ .

FI1G. 14 1s a flow chart showing an example of the operation
of the control apparatus 50 of the fifth embodiment. In the
following, the example of the operation of the control appa-
ratus 50 of the fifth embodiment will be described with ref-
erence to FIG. 14.

The control apparatus 50 acquires a current value IL, , in a
current rising section (S510). At a first time, the control appa-
ratus 30 acquires the current value IL,, at the timing of, for
example, a peak of a carrier signal.

Next, the control apparatus 50 acquires a current value
IL ., 1na current descending section at the time when a half
of the carrier period has elapsed from the acquisition of the
current value IL,, (8520). At the first time, the control appa-
ratus 50 acquires the current value IL ,_  at the timing of, for
example, a trough of the carrier signal.

Next, the control apparatus 50 calculates the center value
IL. _ . . of the reactor current in accordance with the arith-
metic formula (4) on the basis of the acquired current values
IL,, and IL 4, (5330).

Moreover, the control apparatus 50 corrects the timing of
acquiring the reactor current according to (IL,,,,~Il,,)
(5540). For example, when (IL,,,,,~I1,,)>0 at the first time,
the control apparatus 50 sets a timing delayed from the timing,
of the peak of the carrier signal by a predetermined correcting
time (e.g., 5 us) as a new timing of acquiring the current value
IL, . The timing atter the correction 1s to be used at the time
of acquiring the current value IL,, at step S510 in the next
processing.

The control apparatus 50 repeatedly executes the process-
ing of steps S510-S540 until a predetermined ending condi-
tion 1s satisfied, and ends the processing when the predeter-
mined ending condition 1s satisfied (S550).

According to the fifth embodiment described above, the
center value of a reactor current can be estimated on the basis
of the reactor current values acquired at the timings after the
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timing errors have been corrected, and consequently the cen-
ter value of the reactor current can be acquired more accu-
rately.

For example, since the first embodiment uses the values of
the voltages VH and VL for the estimation of the center value
ofthe reactor current, an error 1s caused 1n the estimated value
of the center value owing to the influence of a sensor error, 1f
the sensor error exists. The caused error becomes (IL , -
1L, )xA(VL/VH). According to the fifth embodiment, by cor-
recting the iming error, (IL,,,,~IL, ) can be reduced, and
consequently the estimation error (IL,,,,,,—IL, )xA(VL/VH)
ol the center value of the reactor current can be made smaller.
That 1s, 1t becomes difficult for the control apparatus 50 to be
influenced by the detection errors of the voltages VH and VL,
and more accurate estimation of the center value of the reactor
current can be performed.

Moreover, since the fifth embodiment performs the estima-
tion of the center value of the reactor current on the basis of
the acquired current values, more accurate estimation of the
center value of the reactor current becomes possible in com-
parison with the case ol not performing the estimation of the
center value.

Sixth Embodiment

The control apparatus 50 of a sixth embodiment 1s a com-
bination of that of the first embodiment and that of the third
embodiment.

To put 1t concretely, 1n the sixth embodiment, the control
apparatus 50 includes a current value acquiring unit, a timing
error estimating unit, a timing correcting unit, and a center
value estimating unit. Then, the control apparatus 50 acquires
the current values IL,, and IL ., estimates a timing error At
on the basis of the acquired current values IL, , and IL ,,,,..
corrects sampling timings on the basis of the estimated timing
error At, acquires the current values IL,, and IL4,,,,, at the
sampling timings after the correction, and estimates the cen-
tervalue IL__ . of areactor current on the basis of the current
values IL, and IL .

FIG. 1515 a flow chart showing an example o the operation
of the control apparatus 50 of the sixth embodiment. In the
following, the example of the operation of the control appa-
ratus 50 of the sixth embodiment will be described with
reference to FI1G. 15.

The control apparatus S0 acquires a current value IL, i a
current rising section (S610). The control apparatus 50
acquires the current value IL, , at the iming of, for example,
a peak of the carrier signal.

Next, the control apparatus 50 acquires a current value
IL. . 1n a current descending section at the time when a half
of the carrier period has elapsed from the acquisition of the
current value IL, , (S620). The control apparatus 50 acquires
the currentvalueIL ,_  atthe timing of, for example, a trough
of the carrier signal.

Next, the control apparatus 50 calculates the center value
IL.__ . of the reactor current in accordance with the arith-
metic formula (4) on the basis of the acquired current values
IL,, andIL 4, (5630).

Moreover, the control apparatus 50 calculates the timing,
error At 1n accordance with the arithmetic formula (6) on the
basis of the acquired current values 1L, and IL ,_,,,, (5640).

Next, the control apparatus 30 corrects the timings of
acquiring the reactor current values on the basis of the calcu-
lated error At (S650). For example, the control apparatus 50
sets a timing delayed by the error At from the timing of the
peak of the carrier signal as a new timing of acquiring the

current value IL,, .
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Next, the control apparatus S0 acquires a current value IL
in a current rising section at the timing after the correction
(S660).

Next, the control apparatus 50 acquires a current value
IL , .. 1na current descending section at the time when a half
of the carnier period has elapsed after the acquisition of the
current value IL,  (5670).

The control apparatus 50 calculates the center value
IL__ ... of the reactor current 1n accordance with the arith-
metic formula (4) on the basis of the acquired current values
IL,, and IL4,,,, (S680).

The control apparatus 50 repeatedly executes the process-
ing of the steps S660-S680 until a predetermined ending
condition 1s satisfied, and ends the processing when the pre-
determined ending condition 1s satisfied (S690).

According to the sixth embodiment described above, simi-
lar advantages to those of the fifth embodiment can be
acquired.

Seventh Embodiment

The control apparatus 30 of a seventh embodiment 1s a
combination of that of a first embodiment and that of a fourth
embodiment.

To put it concretely, 1n the seventh embodiment, the control
apparatus 50 includes a current value acquiring unit, a timing
error estimating unit, a timing correcting unit, and a center
value estimating unit. Then, while the control apparatus 50
repeatedly performs the processing of acquiring the current
values IL, , and IL,,,,,,, estimating a timing error At on the
basis of the acquired current values IL,, and IL,,,,,, and
correcting the sampling timings on the basis of the estimated
timing error At, the control apparatus 50 performs the pro-
cessing of estimating the center value IL.__ . of a reactor
current on the basis of the current values IL,, and IL 4,,,,,.

FI1G. 16 1s a flow chart showing an example of the operation
of the control apparatus 50 of the seventh embodiment. In the
following, the example of the operation of the control appa-
ratus 30 of the seventh embodiment will be described with
reference to FIG. 16.

The control apparatus 50 acquires a current value IL, , in a
current rising section (S710). At a first time, the control appa-
ratus 50 acquires the current value IL, , at the timing of, for
example, a peak of the carrier signal.

Next, the control apparatus 50 acquires a current value
IL ., 1na current descending section at the time when a half
of the carrier period has elapsed from the acquisition of the
current value IL,, (S720). At the first time, the control appa-
ratus 50 acquires the current value IL ,_ at the timing of, for
example, a trough of the carrier signal.

Then, the control apparatus 50 calculates the center value
IL. _ . . of the reactor current in accordance with the arith-

metic formula (4) on the basis of the acquired current values
IL,, and IL 4, (S730).

Moreover, the control apparatus 50 calculates an error Atof
the timings in accordance with the arithmetic formula (6) on
the basis of the acquired current values IL, , and IL
(S740).

Then, the control apparatus 50 corrects the timings of
acquiring the reactor current values on the basis of the calcu-
lated error At (S750). At the first time, the control apparatus
50 sets, for example, the timing delayed from the timing of a
peak of the carrier signal by the error At as a new timing of
acquiring the current value IL, . The timing after the correc-
tion 1s to be used tfor the acquisition of the current value IL,
at the step S710 1n the next processing.
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The control apparatus 50 repeatedly executes the process-
ing of the steps S710-S750 until a predetermined ending
condition 1s satisfied, and ends the processing when the pre-
determined ending condition 1s satistied (S760).

According to the seventh embodiment described above,
similar advantages to those of the fifth embodiment can be
acquired.

FIG. 17 1s a diagram showing the schematic configuration
of an electric vehicle 2 including two systems of DC-DC
converters and control apparatus of the DC-DC converters
according to the present embodiment.

In the example of FIG. 17, the electric vehicle 2 includes
the two DC-DC converters 20A and 20B. Similarly to the case
of FI1G. 1, electric storage devices 10A and 10B are connected
to the DC-DC converters 20A and 20B, respectively, and
common smoothing capacitors C1 and C2 are connected to
the DC-DC converters 20A and 20B. Two mverters 30A and
30B are connected to the smoothing capacitor C2 1n parallel
with each other. Drive motors 40A and 40B are connected to
the mverters 30A and 30B, respectively.

The drive motor 40 A mainly operates as a generator. To put
it concretely, the drive motor 40A receives the supply of
clectric power from the inverter 30 A to operate as an electric
motor, which starts a not shown engine by cranking the
engine. Moreover, the drive motor 40 A performs the genera-
tion by being rotated by the driving force of the engine after
the starting of the engine. The alternating-current power gen-
erated by the drive motor 40A 1s converted into direct-current
power by the inverter 30A to be charged in the electric storage
devices 10A and 10B or to be used for the driving of the drive
motor 40B.

The drive motor 40B mainly operates as an electric motor.
To put 1t concretely, the drive motor 40B receirves the supply
of electric power from the mverter 30B to generate torque for
the rotation drive of a not shown wheel at the time of power
running. Moreover, the drive motor 40B 1s rotated by the
wheel to perform generation at the time of regenerative brak-
ing. The alternating-current power generated by the drive
motor 40B 1s converted into direct-current power by the
inverter 30B to be charged 1n the electric storage devices 10A
and 10B.

Because the electric storage devices 10A and 10B, the
DC-DC converters 20A and 20B, the inverters 30A and 30B,
and the drive motors 40A and 40B of FIG. 17 are respectively
the same as corresponding components i FIG. 1, their
detailed descriptions are omitted here.

The electric vehicle 2 includes control apparatus S0A and
50B for the control of the DC-DC converters 20A and 20B,
respectively.

The control apparatus S0A controls the DC-DC converter
20A so that the voltage VH of the smoothing capacitor C2
may be kept constant on the basis of the detection value of the
voltage VH.

The control apparatus S0B acquires the reactor current of
the DC-DC converter 20B 1n a stmilar way to that of FIG. 1 (to
put 1t concretely, by any of the first to seventh embodiments
described above), controls the reactor current on the basis of
the acquired values of the reactor current, and thereby con-
trols the electric power to be supplied to the smoothing
capacitor C2 side.

Incidentally, the present immvention i1s not limited to the
embodiments described above, but may be variously changed
without departing from the sprit and scope of the present
invention.

For example, although the control apparatus turning on and
off the switching elements Q1 and Q2 alternately at the time
of stepping up have been described in the aforesaid embodi-
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ments, the switching element Q1 may be always 1n 1ts oif state
while performing the control of turning on and ot the switch-
ing element Q2. Moreover, although the control apparatus
turning on and off the switching elements Q1 and Q2 alter-
nately at the time of stepping down have been described 1n the
aforesaid embodiments, the switching element Q2 may be
always 1n 1ts off state while performing the control of turning
on and oif the switching element Q1.

Moreover, although the case of acquiring the current values
in the order of a current rising section and current descending
section has been 1llustrated 1n the atoresaid embodiments, the
current values may be acquired in the order of a current
descending section and current rising section.

Moreover, the object of the control of the control apparatus
of the present mvention 1s not limited to the bidirectional
DC-DC converter, but may be a step-up converter or a step-
down converter. For example, the object may be the step-up
converter including the reactor L1, the switching element ()2
for stepping up, and the diode D1 for stepping up, or may be
the step-down converter including the reactor L1, the switch-
ing element Q1 for stepping down, and the diode D2 for
stepping down.

What 1s claimed 1s:

1. A control apparatus of a DC-DC converter including a
reactor and a switching element, the apparatus repeating an
accumulation and a discharge of energy of the reactor by a
switching operation of the switching element to convert a
direct-current input voltage for acquiring a direct-current out-
put voltage, the apparatus characterized 1n comprising:

a current value acquiring unit that acquires current values
of the reactor 1n a current rising section and a current
descending section of a current wavetorm of the reactor
at a time 1nterval of a half of a switching period of the
switching element; and

a center value estimating unit that estimates a center value
of a current of the reactor based on the current values
acquired 1n the current rising section and the current
descending section.

2. The control apparatus of a DC-DC converter according,
to claim 1, characterized i turther comprising a timing cor-
recting unit that corrects timings of acquiring the current
values of the reactor in a delaying direction when a value
acquired by subtracting the current value acquired in the
current rising section from the current value acquired in the
current descending section 1s positive, and corrects the tim-
ings ol acquiring the current values of the reactor in an
advancing direction when the value acquired by the subtrac-
tion 1s negative.

3. The control apparatus of a DC-DC converter according,
to claim 1, characterized in further comprising:

a timing error estimating unit that estimates an error
between timings of acquiring the current values of the
reactor and timings of the center value of the current of
the reactor based on the current values acquired 1n the
current rising section and the current descending sec-
tion; and
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a timing correcting unit that corrects the timings of acquir-
ing the current values of the reactor based on the esti-
mated error.

4. The control apparatus of a DC-DC converter according,
to claim 3, characterized in that the control apparatus of a
DC-DC converter repeatedly executes processing ol acquir-
ing the current values, estimating the error, and correcting the
timings.

5. A control apparatus of a DC-DC converter including a
reactor and a switching element, the apparatus repeating an
accumulation and a discharge of energy of the reactor by a
switching operation of the switching element to convert a
direct-current input voltage for acquiring a direct-current out-
put voltage, the apparatus characterized in comprising:

a current value acquiring unit that acquires current values
of the reactor 1n a current rising section and a current
descending section of a current wavetorm of the reactor
at a time 1nterval of a half of a switching period of the
switching element; and

a timing correcting unit that corrects timings of acquiring
the current values of the reactor 1n a delaying direction
when a value acquired by subtracting the current value
acquired 1n the current rising section from the current
value acquired 1n the current descending section 1s posi-
tive, and corrects the timings of acquiring the current
values of the reactor 1n an advancing direction when the
value acquired by the subtraction 1s negative.

6. A control apparatus of a DC-DC converter including a
reactor and a switching element, the apparatus repeating an
accumulation and a discharge of energy of the reactor by a
switching operation of the switching element to convert a
direct-current input voltage for acquiring a direct-current out-
put voltage, the apparatus characterized in comprising:

a current value acquiring unit that acquires current values
of the reactor 1n a current rising section and a current
descending section of a current waveform of the reactor
at a time 1nterval of a half of a switching period of the
switching element;

a timing error estimating unit that estimates an error
between timings of acquiring the current values of the
reactor and timings of a center value of a current of the
reactor based on the current values acquired 1n the cur-
rent rising section and the current descending section;
and

a timing correcting unit that corrects the timings of acquir-
ing the current values of the reactor based on the esti-
mated error.

7. The control apparatus of a DC-DC converter according,
to claim 6, characterized in that the control apparatus of a
DC-DC converter repeatedly executes processing ol acquir-
ing the current values, estimating the error, and correcting the
timings.
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